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(54) GAS OIL ADDITIVE AND GAS OIL COMPOSITION 

(57) Pertaining to a gas oil additive for gas oil having 
a sulfur content of 0.2% by weight or less, characterized 
in that the gas oil additive contains a compound contain- 
ing a hydrocarbon group having 10 to 22 carbon atoms, 
amide group, and hydroxyl group on a carbon atom in p- 
position to nitrogen atom of the amide group; a gas oil 
composition containing the gas oil additive; and a 
method of reducing wear in a fuel injection pump or 
deterging a fuel injection nozzle, each comprising using 
the gas oil composition. By using the gas oil composi- 
tion of the present invention, there can be exhibited 
effects in reducing wear of fuel pumps in a system using 
a gas oil likely to cause wear in fuel pumps, the gas oil 
having a sulfur content of 0.2% by weight or less, partic- 
ularly 0.05% by weight or less, and detergency effects 
of an injection nozzle of diesel engines. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a gas oil additive and a gas oil composition which can be effective in reducing 
wear of metal surfaces contacting the composition in a system using a low-sulfur gas oil, and effective in deterging a 
fuel' injection nozzle. : ' • ■' * - *; .,- •**' - . . r . : 

BACKGROUND ART ; '' ■ ' *'■ • " - : " r ■ ■• ;1: - ^ ' - : ' ■* 

[0002] ' ' In recent years, there has arisen a prdbtenr in environmental pollution by nitrogen oxides (NO x ), sulfur oxides 
(SOi) and particulate matters each contained in* an exhaust gas coming from diesel cars. Concretely; there pose prob- 
lems in corrosion and wear of metals, and acid rain owing to acid substances formedby the combustion of sulfur com- 
ponents contained in the gas oil used as a fuel for engines. Up to now, nitrogen oxides and sulfur oxides contained in 1 

15 exhaust gas have been regulated, and a new regulation with respect to a particulate matter has been added. As to a 
countermeasure for thfe regulatibh l witrj respect to tfYe particu late' matter, there has been firstly proposed to decrease 
the amount of the sulfur oxides in 'exhaust gas.^in other word, to cuYdbwn the sulfur content in a gas oil in stages. Fur- 
ther, along with the amendment (1990) of "the Clean Air Act" : ih' the U.'S 'A., an- amendment that the sulfur content of a 
gas oil must be 0:05% by weight or less as a quality standard : f or the gas oil was made. In the above circumstances, it 

20 is anticipated that th^re will be taken a countermeasure in staged in Japan regarding the quality of the gas oil to restrict 
the sulfur ! cdhtent firstly to 0: 2%' by 'weight or less? drrd further to 0.2*%; by weight or less within this century. In fact, gas 
oils having low'sulfurcb^ehts hive* been 'made commercially ^ Europe and the U:S.A: However j when 

the sulfur content "in 'the gas ofl is 'decreased, there antes' a new problem of fuel injection pump seizures owing to defi- 
ciency of the lubricity of the gas oil as v dWscribed in SAE 'PAPE:R : 942016 , . In Sweden, in fact, several thousands of cars 

25 hav^ encountered troubles caus;ed by r the deficiency of the fubricityofthe low-sulfur, Ibw^aromatic compounds-contain- 
ing gas oil as an environmental -protecting fuel. Meanwhile, in Japan, low-sulfur gas oils for dieselengines presently 
have not become popular. When theibw-sulfur ga$ oils fbf diesel' engines are used in the near future, it is Anticipated 
that there arise problems of fuel pump seizures 6r wear of rhetal surfaces contacting the composition. 
[0003] In addition, stains of the fiiel injectton nozzle for the diesbl engines, mainly cokes, ckjsis r sighrticant mal^affects 

30 to its performance. When the cokes are formed, the contents of black smoke in the exhaust gas? sulfates^derivlsd [from 
sulfur in the fuel, arid h^rocarbdns'fbrrhed by' partial combustion of fuels and lubricating oils (those hydrocarbons are 
collectively referred to "particulate matters") are increased. r ' : ~ * ■ - 

[0004] In order to solve the above problems, there has been proposed an oxyalkylene compound of ah alkylarnirie in 
Japanese Patent Examined Publication No. 3-49317 as an additive for imparting a detergency effect of a fuel injection 

35 nozzle for diesel engines. However, the detergency effect cannot be said to be satisfactory. : 

[0005] Japanese Patent Examined Publication No. 63-32837 discloses ai nitrogen-containing polyoxyethylene com- 
pound as a gas oil additive for decreasing particulate matters in the exhaust gas for diesel engines. However, this pub- 
lication is completely silent on the low-sulfur gas oil having a sulfur content of 0.2% by weight or less in the gas oil. It 
rather mentions the application to a gas oil according to JIS K 2204 (level required at the time of 1 988). There has been 

40 reported that the JIS standard of the sulfur content in the gas oil of those days is 0. 5% by weight or less, and the aver- 
age sulfur content of the commercially available gas oil of those days is 0.4% by weight on average (see Nisseki 
Review, 30, 6). ' -.:•'* 

[0006] From the above, it is found that the problems of wear accompanied with low sulfurization of the gas oil are not 
considered at all. 

45 [0007] As a prior art concerning the reduction' in wear; W0941 760'discioses the use of an ester obtained from a car- 
boxylic acid having 2 to 50 carbon atoms and an alcohol as an agent for reducing wear in low-sulfur diesel gas oils. 
However, its performance in wear resistance cannot be siaid to bd satisfactory. As to fuel additives, there has been dis- 
closed a composition comprising cyclopentyl ester of fprmic acid, a condensate obtained from triethanolamirie and oleic 
acid, and a spindle oil as an additive for diesel fuels for this purpose of irhpro'ving exhaust gas (Japanese Patent Laid- 

50 Open No. 50-161504). However, this publication is completely silent with regard to wear caused by the low-sulfur gas 
oil. Moreover, since the sulfur content in the gas oil' subjected to use is high, the f necek&ity for countermeasure for pre- 
venting wear* caused by the decreased sulfur content is' presumably hofparticur^iy. considered. 
[0008] Further, Japanese Patent Laid-Opeh N6s : . 5i5-082l9i and 55-00780' aWd W09307238 each disclos.esthe use 
of an alkanolamide as an emulsifier for emulsion fuels.' U.S. Patent No.' 4204481 discloses the use of an oleic acid 

55 amide of diethanoliamin'e as a wear inhibitor for alcohol ftiels/However, these publications are silent with regard to the 
use in the, low-sulfur gas oil. .». - . 

[0009] ' In addition, it has been found that' when the low-sulfur gas oil without including additives is kept standing under 
exposure, the insoluble components are precipitated in the gas oil and form a sludge, so that an improvement in the 
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storage stability of the gas oil is considered to be required. 

DISCLOSURE OF THE INVENTION - 

5 [0010] Accordingly, an object of the present invention js Jo provide a gas oil additive and a gas oil composition which 
are effective in reducing a wear amount of meta] surfaces contacting the composition in a system using a low-sulfur gas 
oil; effective in deterging a fuel injection nozzle for the diesel engines; and effective in the improvement in the storage 
stability of the low-sulfur gas oil. There are no prior arts with regard to the object of the present invention. 
[001 1 ] As a result of intensive studies in order to solve the above problems, the present inventors have found.that the 

io gas oil composition for diesel engines having an excellent effect of reducing wear amounts, an excellent detergency 
effect of a fuel injection nozzle, and an excellent effe<^..for..stpr:age s^fcjility can. be, obtained by including a particular 
compound as a gas oil additive in a gas bil hav[ng a sulfur pqntentqf 4 .0.2%rby weightor iess. Jhe-present invention has 
been completed based on these findings. ,■ ; ,,.. r r ' . ;- ; - .-^ ••■-.--> r;-}v>- *-=■ : * < 

[0012] Specif ically the gist of the present invention pertains to the fpllqwing: . . . ^ : ir t . (1; 

(1) A gas oil additive, for gas pil having a sulfur content, of q2% : by weight or J ^ss, characterized in that the gas oil, 
additive contains a compound containing !a,hy^rp^arborv grouch 10 to..22 car ton^atomsi, -amide group, and 
hydroxyl. group on a carbon atom in ft-position to nitnogen.atonn of -the amide group;-- tjrx - ( - ;p ... ... 

(2) Thegas oil additive described.in item ; (y aboye. characterize in th^t the fc cqrj3pound as. recited ( ir$i^m (1) above 
20 is a condensate obtained frprn,one or more monovalent fatty acids having. 1 0 to t 2? carbon atoms and one or more 

compounds selected from monpethanoJarri^ and di-r2rprqpanolamine; 

(3) The gas oil additive.described in item.(2) above, ^ara^erj^^ir^that the mgnqyalentfatty acidas/gcited in item . 
(2) above is a mixture of fatty acids cor^'prising^O.tq^QYo by, weight , Qf a fatty -acid.jnay.ing ons unsaturated bond; 5 
to 10% by weight of a fatty acid, having _^o ti unsatujat^jDO r nds; and,5 to 20°/^ kxy. weight of a .satu rated ,fatty acid; 

25 . (4) The gas oil additive described .in item.XS^abpye.^charactjBrized iathat the rnixture of fatty. acids contains 68. to , 
78% by weight of *9-octadecenoic acid; ■ .,. \.„ . \> , .>...',, ( . , . ^ . s - . , 

. (5) The gas.oil additive described in item (.1) above, characterized in.thatthe.cornpound as recited in item (l).above 
is a condensate obtained from a fatty acid .ester- cprr^pprKjing. to the fatty acicLas recited ir? item (2) or item (3). . 
. above aqd ,onje;or ; more compounds jSelected.frprrT ^,.rnpnp 4 ethano!amine, diethari^larhine*, mpnq-2-propanolamine, 
30 anddi-^rpropanolamine; ^ ..; ,.- ( ^^; ne t Cy: y .- ; ^ >|.-.r;\, . . v 

(6) Jhe gas "oil, additive described in to <:h$rj$er\z^}r\ that the fatty. a$d jester t i^hteios 68 to 78% by,, 
weight of 9-octadecenoic acid ester; t . . . 

(7) . The gas oil additive described in any one of. items (2) to (6) above, characterized in that a total content of one 
; or. more compounds selected from monoethanolamine, diethanol amine, mono-2-propanolamine, and di-2-prppa- 

35 nolamine which remain therein is 5% : by weight or less; , . . .•• . 

(8) The gas oil additive.described in item (1) ^bove, characterized in that the gas oil additive further contains, in 
addition to the compound as* recited in item (t) above, Compound (B) defined below: ... ... 

... , ; one or more compounds selected from the groyp consisting of nonionic surfactants having an H LB. of 3 to 13; 
40 , y aliphatic amines having 8 to 28 carbon atoms; and alkylene oxide adducts of an aliphatic amine having 8 to 28 
carbon atoms, an alkylene oxide moiety having 2 to 3 carbon atoms and a molar addition of 50 mol or less! and 
that a weight ratio of (A)/(B) is from 1/0.01 to 1/0.5, the compound as recited in item (1) above being defined 
as Compound (A); > ., . , tr .. .. t . 

45 (9) The gas oil additive described in item. (8) above, wherein Compound (A) is a condensate as defined in any one 

of items (2) to (7) above; , r , „> . . ^ " r , 

(10) The gas oil additive described in any one oOems (1) to (9) above, wherein a sulfur content of the gas oil is 

0.05% by weight or less; . % , \ , ( , 7V , - " w i, < • , - • 

(1 1 ).The gas oil additive described in 'anylpne o( i.t%ms t ( ? 1 ) tq (10) above, wherein the gas oil additive is used for the 

so purposes of reducing wear on the, contacting* surfaces of.a metal and deterging a fuel injection nbzzfe; 

(12) A gas oil composition having a furictipn r pf rj^ducing wear and a function of deterging ^tain's, characterized in 
that the gas oil composition comp^ri^s .a gas k qil paving a .sulf^r, f oorijent of 0.2% by. weight pr Jess and the gas oil 
additive described in any one of items (-1)-tp ; ( 14) above, wherein a, content of the gas oil additive is frorn, 0.001 to 
1.0 part by. weight, based on 100 parts ^y weight of the gas oi|;"' , t v - c // -;.;,%' 

ss (13) The gas oil composition described in item (12), , abpve^ charactenz'ed.in.that^' content orthe'.gas oil. additive is 
from 0.001 to 0.1 parts by weight, based on '100 parts by weight of the" gas oil; ' "' I , " ' V ; 

(14) The gas oil composition described in item (1 2) or p 3), above, wherein the gap, Qil,has. a sulfur content of p;05% 
by weight or less; . ■ ' ... 
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(15) A method of reducing wear in a^fuel injeotion pump comprising using the gas oil composition described in any 
one of items (12) to (14) above; and : 1 ' ^ - 

(16) A method of deterging a fufci injection nozzle comprising using the gas oil composition described in any one of 
items (12) to '(14) above. ' ","'*' 

BEST MODE FOR CARRYING OUT THE INVENTION : 

[0013] The present invention will be described in detarf below> * ' ■ ' ' 

[0014] The gas oil additive of th£ present invention comfjnfeeS' Compound A described below, or it may further com- 

io prise Compound B in addition to Compound A. Compound' A is a cbmpound containing a hydrocarbon group having 1 0 
to 22 carbon atoms, amide group, £hdhydroxyi group on acarborv atom in p-pbsitibn to nitrogen atom of the amide 
group in 'a molecula Examples of the^cbmpourids include'cdndehsates obtained from.one or more-fatty acids and one 
or more compounds selected from monoethanolamine, diethanolamine, mono-2-propanolamine, and di-2-propa- 
nolamihe. ; " - ' * J " ! ^ ' : '. ,r ' - \' : ■■' :r - :0 - • - : " 

is [0015] Here, theMerm "fatty afcid" refers to a linear or branch *^M¥i©TOvalerif fatty acid having-10 to 22 carbon atoms, 
which may be a saturated^fatty-acid or an unsaturated fatty acid; iesbecti\/ely Concrete examples of the fatty acids 
include monovalentfatty acids containing a linearor branch ^d/ saturated alkyl group having 10 to 22 carbon atoms, 
including decanoic acid, : lauric acid/ : myristic acid, palmitic acid/steanc-acid.usostearic acid, arachic acid, behenic acid, 
or the like; and unsaturated fatty acids having 10 to 22 carborr atoms, including Oleic acid, erucic acid, linoelaidic acid, 

20 linoleic acid, 1 or the-like: Afeo, ih th^ present invention, fatty acid esters corresponding to the fatty acids mentioned above 
may be used instead of; or together with,' these^fatty acids. Examplies of the fatty acid esters include esters obtained 
from the fatty acids nfen'tiohed above : ahd alcohols having l td 3 c^ . f . " 

[001 6] : '■ In order to exhibit an effectTbY preventing wear iri the present invention, it is necessary that an additive is dis- 
solved in the gas- oil, ahd : that the ^ additive has the effedt for preventing w u> • • ; 

25 [0017] In the case of using the fatty acid alone,- ^' : ' r ' ? r M v ' "-■ 

(1) from the viewpoint of the'effect for preventing wear, a linfearv saturated fatty acid having 12 to 22 carbon atoms 
or a linear, unsaturated fatty acid having 16 to 20 carbon atoms is preferably used; and in particular; the linear, sat- 
urated fatty acid having 12 tb : 22 carbon atoms is more 'preferably used, 'and ■'- - 1 ^ - ' : 1 - v 
30 - (2) from the viewpoint of the' sdlubility tbrtrfe gas oi1, w a Hheaivsaturated fatty &eid having 1 0 to 1 4 carbon^ato'rhs, or 
a linear, unsaturated fatty acid having 10 to 22 carbon atoms is preferably~used; and in particular, the linear, unsatu- 
rated fatty acid having 10 to 22 carbon atoms is more preferably used: 

[001 8] Moreover, from the viewpoints of both an effect for preventing wearand solubility; it is preferable to usea linear, 

35 saturated fatty acid having 12 to 14 carbon atoms, more preferably lauric acid having 12 carbon atoms; or a linear, 
unsaturated fatty acid having 16 to 20 carbon atoms, more preferably 9-octadecenoic acid having 18 carbon atoms. 
[001 9] Further, ah embodiment wherein two or more fatty acids are used may be included in the present invention. In 
this case, from the viewpoints of solubility to the gas oil, an effect for preventing wear on the contacting surfaces bt a 
metal, and a detergency effect of a fuel injection nozzle, it is preferable to use a mixture of fatty acids wherein to a total 

40 amount of the fatty acids, the weight proportion of a fatty acid having one unsaturated bond is 70 tb 90% by weight; the ■ 
weight proportion of a fatty acid having two unsaturated bonds is 5 to 10% by weight; and the weight proportion of a 
saturated fatty acid is 5 to 20% by weight. Moreover, as to the number of carbon atoms for these fatty acids, : it is more 
preferred that the number of carbon atoms of the fatty acid having one unsaturated bond is 14, 16 or 18; the number of 
carbon atoms of the fatty acid having two unsaturated bonds is 18; and the number of carbon atoms of the saturated 

45 fatty acid is 14, 1 6 or 1 8. From the viewpoint of preventing wear even more effectively, the saturated fatty acid is prefer- 
ably used, and from the viewpoint of high solubility to the gas oil, the unsaturated fatty acid is preferably used. There- 
fore, the gas oil additives having excellent performance satisfying all of the solubility to gas oil, the wear resistance 
effect and the detergency effect can be obtained by using the mixture of the fatty acids mentioned above of the satu- 
rated fatty acid' and the unsaturated fatty acid. Among them, the additives containing 68 to 78% by weight of 9-octade : 

so cenoic acid to a total amount of the fatty acids, including fatty acid esters described below, are particularly preferably 
used. Also, when the fatty acid ester is used as described below/the additives containing 68 to 78% by weight of 9-octa- 
decenoic acid ester to the total amount of the fatty acids or the fatty acid esters are preferably used. 
[0020] The amine compounds which are used for 6ondensatibri ; include one or more compounds selected from 
monoethanolamine, diethahofamihe. rnbno-2-pVopanblamine, and df-2-propariolamine. 

55 [0021] Concrete examples of the condensates obtained from fatty acids and one or more compounds selected from 
monoethanblamirie; diethanblaimirie, monb-2^propanolamine, and di-2-propanolarhine include the following: When the 
condensates are obtaimkf from a fatty abid and monbethanblamine, examples thereof include fatty acid amides of 
monoethanolamine. tatty acid esters of nTbWbethanolamine, fatty acid arhide-esters of monoethanolamine, and the like. 
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In the present invention, the fatty acid amides of monoethanolarnine are used as a component. Also, when the conden- 
sates are obtained from a fatty acid and diethanolamine. examples thereof include fatty acid amides of diethanolamine, 
fatty acid esters of diethanolamine, fatty acid amide-esters of diethanolamine, and the like. In the present invention, the 
fatty acid amides of diethanolamine are used as a component, the condensate obtained from a fatty. acid and monoeth- 

s anolamine and diethanolamine is a mixture of the condensates mentioned above. Also, when the condensates are 
obtained from a fatty acid and mono-2-propanolamine, examples thereof include fatty acid amides of mono-2-propa- 
nolamine, fatty acid esters of mono-2-propanolamine, fatty acid amide-esters of mono-2-prdpariolamine, and the like. * 
In the present invention, the fatty acid amides of mono-2-prpp^nQlamine are used, as, a. component. Also, when the con- , . 
densates are obtained from a fatty acid and di-2^r5^polamin^,.^xam v p! t es thereof include fatty acid amides of di-2-pro-. 

io panolamine, fatty acid esters of di-2Tpropanplamine, fatty,acid amide:esters of di-2rpropanolamjne,,and the like.. In the 
present invention, the fatty acid amides of <^ 

[0022] Compound A used in the.gas oil additives, of -the^present invention can be-prepared, Vpr- example, by following 
method. ... - t - •••*-- , * r ml* •„•.;£■•: .■ , r .*. .-; . . - t ,..i 

[0023] In other words, a desired condensate can be obtained by a process comprising heating a fatty acid together , 

is with one or more compounds selected from monqethanplamjne y; ^ rronp-2^FOpanplamine,.and di-2-pro- 

panolamine, and carrying out amidation reaction. while removing water formed. Alsp^for example^, a desired: condensate . 
can be obtained in. a higher yield by a process^comprjsing reacting a iatty f acid ester such as a, methyl ester of a fatty , 
acid together with one or more compounds selected ,frpm ; rnpnpethanplamine ( diethanolamine,. mpnp-£ -prppanplamine, ; . 
and di : 2-propanolamjne with heating while remoying.:.meJhanoL - : , -.r- c.c /0vr:;>:^v-::f-r':'. t v s.. • 

20 [0024] When the-total content of one or more compounds selected from monoethanolarnine^ m onq-, . 

2-propanolamine, and di-2-propanolamine which are-'Unjeacted.and^en^ain in the, reaction product ^exceeds, 5% by ; 
weight, the effect for reducing wear and the.fdetergency-effetf >of^^^ nQzzle.are drastically (declined. There- 

fore, it is desired that the total remaining ampunkof r ona or more cornpounds selected r frprn .monoethanolarnine, diet!?- 
anolamine, mono-2-propanolamine, and di-2:prppanp|amine. isppntrgNed to 5% by, weight or jess, preferably 3% by 

25 weight or less, more preferably 1% by weight or less, most preferably 0.5% by weight qr>less. - - , .- ; 
[0025] In order to reduce the remaining amount of one or more compounds selected from monoethanolarnine. dieth- 
anolamine, mono-2-propanolamine, and di-2-propanoja.mine ; in>the desired condensates, as much as possible,, and to 
obtain fatty acid amides, the;desired condensates, in higty yields, methods for reacting a fatty acid ester with -one or 
more compounds selected from monoethanolarnine, die l thanolamine, ( mpnp : 2-prop«anGlamine, : and di-2-propanolamine 

30 are preferably -employed. It is prefei;red,that .exampjespf thefatiy acid-esters are es|erspbtatn ( ed; : from a fatty acid and 
a lower alcohol, such as methanol, ethanol and propanol. ■ . \ : ■ ■- — , 

[0026] Compounds B are one or more compounds selected from the group consisting of nonionic surfactants haying 
an HLB of 3 to 13; aliphatic amines having 8 to 28 carbon atoms; and alkylene oxide adducts of an aliphatic amine hav- 
ing-8 to;28.carbon atoms, of which the alkylene oxide moiety has 2 to 3 carbon atoms with molar addition of 50 mol or 

35 less. Here, concrete examples of the nonionic surfactants having an HLB of 3 to 1 3 include polyoxyalkylene alkyl ethers, 
polyoxyalkylene alkenyl ethers, polyoxyalkylene alkylphenyl.ethers.^sorbitan fatty acid esters, polyoxyalkylene sorbitan 
fatty acid esters, polyoxyalkylene sorbitol fatty acid esters,. polyoxyalkylene fatty acid esters, glycerol fatty acid esters,^, 
and the (ike. *. ( - 

[0027] • More concretely, it is desired that the polyoxyalkylene alkyl ethers and the polyoxyalkylene alkenyl ethers are 
40 alkylene. oxide adducts of which the alkylene oxide moiety has 2 to 3 carbon atoms, the adducts having a linear or 
branched, alkyl group or alkenyl group having 8 to 30 carbon atoms, more preferably 1 0 to 22 carbon .atoms, and still 
more preferably alkylene oxide adducts having a linear alkyl group or alkenyLgroup having 10 to 22 carbon atoms. Still 
more concrete examples of the polyoxyalkylene alkyl ethers and. the polyoxyalkylene alkenyl ethers include polyoxyeth- 
ylene lauryl ether, polyoxyethylene cetyl ether, polyoxyethylene stearyl ether, polyoxyethylene oleyl ether, and the like,. - ; 
45 and each.of those listed above may have : an oxypropylene group in a molecule. The HLB is preferably 5 to 13, more 
preferably 7 to 12. ^ - . 0 

[0028] The polyoxyalkylene alkylphenyl ethers are alkylene oxide adducts of which alkylene oxide moiety has 2 to 3 
carbon atoms, the adducts having an alkylphenyl group having .8 to 30 carbon atoms. More concrete examples thereof 
include polyoxyalkylene octylphenyl ether, polyoxyalkylene nonylphenyl ether, and the like. The HLB ; is preferably 5 to 

so 13. more preferably 7 to 12. . : => .{.•;. -, i . . ■ • f 

[0029] The sorbitan fatty acid esters an,d the pplypxyalkylene sorbitan fatty acid esters are sorbitan, fatty acid esters 
and fatty acid esters of sorbitan. alkylene oxide adducts.. erf which the alkylene oxide moiety has 2 to 3 atoms, each of . 
the fatty acid esters having 1 0. to 28 carbon atoms.; It is desired that the fatty ; acid ester has 10, to 22 carbon atoms, and 
it is more desired that a linear, saturated fatty acid ester has 12 to 18 carbon atoms, or-a linear, unsaturated fatty acid ' 

55 ester has 14 to 20 carbon atoms. , .• . ( . t ,. z \ : . :v -. , }. . ,. : . t - 

[0030] Similarly, the polyoxyalky lene sorbitol fatty acid esters are .fatty, acid esters of sqrbitolalKylene oxid e . adducts 
of which the alkylene oxide moiety has 2 to 3, carbon atoms, each of the fattyacid esters having 10 to 28 carbon atoms. 
It is desired that a linear, saturated or unsaturated, fatty 3cid ester has 10 to 2(^£§ffy^^^ more desired that 
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a linear, saturated fatty acid ester has 12 to 18 carbon atoms, or a linear, unsaturated fatty acid ester has .14 to 20 car- 
bon atoms. . 
[0031] The polyoxyalkylene fatty acid esters are alkylene oxide adducts of which alkylene oxide moiety has 2 to 3 car- 
bon atoms, and the fatty acid moiety has 10 to 28 carbon atoms. It is desired that a linear, saturated or unsaturated fatty 
5 acid ester has 12 to 20 carbon atoms, and it is more desired that a linear, saturated fatty acid ester has 12 to 18 carbon • 
atoms or a linear, unsaturated fatty acid ester has 14 to 20 carbon atoms. 

[0032] The glycerolfatty acid esters are mono-; dh triesters obtained from glycerol and fatty acids having 10 to 28 
carbon atoms, preferably esters obtained from, a linear, -saturated or unsaturated fatty acid having 12 to 20 carbon 
atoms and glycerol, more preferably mono- and diesters thereof. Preferred examples of the fatty acids used in esterifi- 

10 cation with glycerol include lauric acid, myristic acid, palmiticacid. stearic acid, oleic acid 1 , linoleic acid, linolenic acid, 
and the like A linear/unsaturated fatty acid having 14 to 20carboii atoms is more preferably used. 
[0033] Also* the aliphatic amines having 8 to 28 carbon atoms- are aliphatic amines having an aliphatic,, saturated 
hydrocarbon group or aliphatic unsaturated hydrocarbon group having 8 to28 carbon atoms. Concrete examples of the 
aliphatic amines Include decylamine, laurylamine, myristylaminei cetylamine, stearylamine, oleylamine, beef tallow 

15 amine, hydrogenated beef tallow amine, and the like/ A saturated or unsaturated, aliphatic amine having .12 to 20 car- 
bon atoms is preferably iiised; and an unsaturated, aliphatic amine having 14 to 20 carbon atoms is more preferably 
used. ' 
[0034] ' In addition - there are-included the alkylene oxide adducts: of the aliphatic amines mentioned above, . of which 
the alkylene Oxide^moiety has 2 to .3 carbon atomswith molar addition; of 50 mol or less, preferably the alkylene oxide , 

20 adducts with "molar addition of 20 mol or less, more* preferably the alkylene oxide adducts with molar addition of 10 mol 
Or less:' •■■••;■! > -.-.i: : U-i . •■■ ;t. . ■• - . - >: ; 

[0035] Incidentally, it is desired that concrete examples of alkylene oxide adducts in Compound B used in the. present 
invention include ethylene oxide adducts and propylene oxide adducts.' The alkylene oxide may be used alone or in 
combination'. When using ethylene' oxideln combination with ; prdpylene oxide; the monomeric units may be polymerized * 

25 by block" addition- or random addition: • - ' ^ - ■ * » ' ■ : ; > 

[0036] Even when using Compound A alone, the effect for reducing the wear amount arid the detergency effect of a 
fuel injection nozzle are well exhibited. However, in order tb further improve the effect for reducing wear and the storage 
stability of the low^sulfur gas oil, Compound A is preferably : uSed in' combination with Compound B. The blending 
amount of Compound B is suitably determined according to the properties of the gas oil used, and the weight ratio > of 

so Compound A/Compound B is preferably from 1/0.01 to 1/0.5, more preferably from 1/0.02 to 1/0.3, particularly prefera- 
bly from 1 /0.03 to 1/0.2. ; A r • 

[0037] The amount of the gas oil additive of the present invention is not particularly limited, and the gas oil additive 
can be used in an amount sufficient to suppress at least the wear of the contacting surfaces of a metalby the gas oil;" 
Concretely, it is desired to use the gas oil additive in an amount of from 0.001 to 0.1 parts by weight, preferably from 

35 0.001 to 0.05 parts by weight, based on 100 parts by weight of the gas oil. When -the amount is less than 0.001 parts 
by weight, the effect for reducing wear is lessened. On the other hand, when the amount exceeds 0.1 parts 1 by weight. * 
the effect for reducing wear is not increased, thereby making it economically disadvantageous, ■ ' 

[0038] As to the detergency of a fuel injection nozzle, for the purposes of using a new nozzle and maintaining the 
detergency of the nozzle, it is desired to use the gas oil additive in an amount of from 0.001 to 0.1 parts by weight; pref- - 

40 erably from 0.005 to 0.05 parts by weight, based on 1 00 parts by weight of the gas oil, from the viewpoints of the above 
effects and economic advantages. When stains are formed on the nozzle, in order to remove the stains, it is desired to * 
use the gas oil additive in an amount of from 0.001 to 1 .0 part by weight, desirably from 0.05 to 1 .0 part by weight, based 
on 1 00 parts by weight of the gas oil. 

[0039] The term gas oil used in the present invention refers to a low-sulfur gas oil having a sulfur content of 0.2% by 
45 weight or less, particularly 0.05% by weight or less, is desirably used. Examples of the low-sulfur gas oil which can be 
used in the present invention include those prepared by a method comprising, using a hydrodesulfurization apparatus, 
subjecting a gas oil distillate resulting from distillation -of a crude" oil under atmospheric pressure to. for instance, (1) 
hydrodesulfurization at a high reaction ternperature;-(2) hydrodesulfurization under a- high hydrogen partial pressure; 
(3) hydrodesulfurization using a hydrodesulfurization catalyst hiving 'high activity, or the like. As long as the measured 
so value of the sulfur content as determined by a radiation-type excitation method in accordance with J IS K 2541 is 0.2% ' 
by weight or less, particularly 0.05% by weight or less, the methods for desutfurizatiori are not particularly limited: 
[0040] In the gas oil additives or the gas oil composition of the present invention, various additives can be suitably 
used. Examples of such additives include antioxidants, conductivity improvers, metal deactivators, freezing-controlling 
additives, cetane number improvers, combustion improvers (including smoke controllers), surfactants/dispersants. 
55 manifold system detergents; corrosion inhibitors, demulsifiers. top cylinder lubricants, and dyes.- 

[0041] 1 Among the L anti oxidants, phenolic antioxidants are suitably used, and other gas oil-soluble antioxidants other • 
than phenolic antioxidants' can also be used. -Examples of the suitable antioxidants other than phenolic antioxidants 
include amine antioxidants : arid bth*ef%imflar substances. The amount of the antioxidant is preferably in range of from 
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about 2.8 g to about 28 g per 1000 liters of the gas oil composition. However, the antioxidant can be used, exceeding 
the upper limit of this range as occasion demands. 

[0042] The conductivity improver is an additive to be dissolved in the gas oil composition in order to elevate, the con- 
ductivity of the resulting gas oil composition to an appropriate range, for example, from .about 50 ps/m to about 600 
5 ps/m, as measured according to ASTEM D-2624. The amount thereof is preferably in a range of from about 5 g to about 
50 g per 1000 liters of the gas oil composition. , '--^ i cru ■ ; : - ^ P 

[0043] The function mechanism of the compound ibf.the.present .invention is-considered to be as follows. The com- 
pound of the present invention adsorbs to the. metaL surfacesivia OH group in the compound in the present invention, 
and the adsorbed compound forms a lubricative'film l ,which)presumably provides theeffect for reducing- wear. There- 
to fore, the compound having OH group in a molecule is teffectiveHn , adsorbing to the.metal. Particularly, the compound 
having a structure such that the OH group isiocated on the carbon atom at a-p-position to the nitrogen atom, and haying , 
an ability of forming.a chelate to the-metal is effective in adsorbing to.thernetal surfaces.- Further, .the compounds having 
two OH groups are preferably used. Further, in this structure, the OH group and the .nitrogen atomicollaborate , to bind 
with the stains to form a chelate .compound, whereby the stains are made- soluble and.dispersible./so.that the deter- 
75 gency effect of a fuel injection nozzle of diesel. engines is presumably exhibited. Also, in the. effects mentioned above,,- 
the hydrocarbon group of>thefatty:acid<plays;a large role in. dissolving and dispersing , the ^compound <ofi the present 
invention in the gas oil. 

[0044] Further, when considering the storage stability; of -the gas oiMurbidity in the low-sulfur gas oil under .exposure 
is formed by the fact that the components in the gas oil : are subject to.-deterioration. bydightand ; oxygen c to jorm polar 
20 substances and grow, which subsequently a re; precipitated in the ; gas.oil as an insoluble component in the.gasjoil. Com- 
pound B mentioned above stabilizes this polar substance in dispersion and prevents the insoluble components from. 

depositing. • : : ■ . ; : 'O . <•■. , ?■>.';>•>■ • :}i .•• i'. 

[0045] When the gas oil additive of thepresehtjnvention^isvused-jn the.gas oil wherein the -sulfur content; in-the' gas 
oil is 0.2% by weight or less, particularly : 0. 05% by.weightipn less,- the remarkable effect for; reducing: wear-in a fuelrinjec- 
25 tion pump and the remarkable detergency effect of a fuel injection nozzle can be obtained. Also, the. gas oil with 
improved storage stability can be obtained. • - — f >\ k- 4 : < . - 

[0046] The present invention will be further descrjbechin detail by imeans of preparation examples, examples .^com- 
parative examples., and. test examples, without intending.lo restrict the scope of the present invention to these working, 
examples, and the like. • ; t. i - * * : r — • « -„ , • < 

Examples Using Compound A Alone . .. . ... v 

Preparation Example 1 

35 [0047]; A two-liter four-necked flask was charged with 2.5 mol of 9-octadecenoic acid and 2.5 mol of diethanolamine,. 
and the temperature of the contents was raised while stirrjng the resulting mixture in. a nitrogen gas atmosphere. .Sub- 
sequently, the components were reacted while dehydrating under a reduced pressure of 30 mmHg at 150°C. Having 
confirmed that no more water is distilled off, the reaction was terminated; to give a reaction product. The resulting reac- 
tion product .was analyzed by GPC analysis (gel permeation chrpmatogram), to.give ( 40% of N,N : bis-(2-hydroxye- 

40 thyl)oleamide. As to the other components, an amide-ester compound was obtained as a by-product. "The amount of 
diethanolamine remaining in the resulting mixture was 0.7% by weight. The amount of diethanolamine, remaining in, the 
resulting mixture was assayed by GPC analysis .(the same method being employed for the following Preparation Exan> 
pies). 

45 Preparation Example 2 : .-"*■ , 1 . ; 

[0048] . The same procedures as -in Preparation Example 1 were carried out except that 2.5 mol of a mixed acid (9- 
pctadecenoic acid/1 -eicosenoic acid/1 S^dqcpsenoic acid = 40/15/45) and 2.5 mol of diethanolamine were, reacted to 
give reaction products. 43% Of N,N-bis-(2-hydroxyethyl)-fatty acid amides were obtained as determined by GPC anal- 
so ysis. As to the other components,, amide r ester compounds were obtained as by-products. The amount of dieth- 
anolamine remaining in the resulting. mixture, was 0 6% by weight. . ■ t 

■ : iv-.'ivv \ ti j ".-.I ' . . , * * ■ ' • . - 

Preparation Example 3 ..' - ;-««.y*>x>r?! 5 •< •• . "... -...i:; .: . 

£5 [0049] A two-liter four-necked flask was charged with 2:5 mol of methyl 9^pctadecenoate.- 2-,5 : mpl of, diethanolamine 
and 0.03 mol of sodium methoxide as a catalyst, and jhe temperaturerpf : the.;contents / ,wa the 
resulting mixture in a nitrogen gas atmosphere. Subsequently,, the components, wer^ readed : while removing methanol 
under a reduced pressure of 30 mmHg at 1 10°<D. Having confirmed that no mor^^etfj^ the reaction 
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was terminated, and the' catalyst was adsorbed by an alkali adsorbent and removed from the reaction mixture, to give 
a reaction product. The resulting reaction product was analyzed by GPC analysis (gel permeation chromatogram), to 
give 85% of N,N-bis-(2-hydroxyethyl)oleamide. As to the other components, an amide-ester compound was obtained 
as a by-product- The amount of diethanolamine remaining in the resulting mixture was 0.2% by weight. 

5 

Preparation Example 4 1 : ■ - ; : ' \ 

[0050] The same procedures as in Preparation Example 3 were carried out except that 2.5 mol of a mixed acid (methyl 
9-octadecenoate/methyl 11-eicosenoate/methyl 1 3<Jocosenoate = 40/15/45) and 2.5 mol of diethanolamine were 
10 reacted to give reaction products. 83% Of N,N-bis-(2-hydroxyethyl)-fatty acid amides were obtained as determined by 
GPC analysis. As to the other components, amide-ester compounds were obtained as by-products. The amount of 
diethanolamine ; remaining in the resulting mixture was'0.3% by weight s - 

Preparation Example 5 ^ - 1 : ■ ' - . - - v- 

15 

[0051 ] The same procedures as in Preparation Example 3 were carried out except that 2.5 mol of a mixed acid (methyl 
tetradecanoate/methyl hexadecanoate/m ethyl octadecanoate/methyl 5-tetradecenoate/7-hexadecenoic acid/methyl 9- 
octadecenoate/9, 12-octadecadien6ic acid = 3/6/V/3/7/72/8) and 2v5 mol of diethanolamine were reacted to give reac- 
tion products. 84% Of N,N-bis-(2-hydroxyethyl) -fatty acid amides were obtained as determined by GPC analysis. As to 
20 the other components, amide-ester compounds were obtained as by-products. The amount of diethanolamine remain- 
ing in the resulting mixture was 0.2% by weight. 

Preparation Example 6 

25 [0052] The same procedures as in Preparation Example 3 were carried out except that 2.5 mol of methyl laurate and 
2.5 mol of diethanolamine ware reacted -to give a reaction product? 80% Of N.N-bis-(2-hydroxyethyl)-fatty acid amide' 
was obtained as determined by GPC analysis. As to the other components, an amide-ester compound was ? obtained as 
a by-product. The amount of diethanolamine remaining in thyriesujting mixture was 0.4% by weight. 

30 Preparation Example 7 - :i - v ' :r '^' : ^" " ' * " ili * : : m K ' v ' ' 3 >; ' ' vc *' v * * 

[0053] The same procedures as in Preparation Example 3 were carried ; out except that 2.5 mol of methyl stearate and 
2.5 mol of diethanolamine were reacted to give a reaction product. 81% : Of N,N-bis-(2-hydroxyethyl)-fatty acid amide 
was obtained as determined by GPC analysts. As to the other components, an amide-ester compound was obtained as 
35 a by-product. The amount of diethanolamine remaining in the resulting mixture was * 

Preparation Example 8 ' ' 1 • . 

[0054] The same procedures as in Preparation Example 3 were carried out' except that 2.5 mol of methyl isostearate 
40 and 2.5 mol of diethanolamine were reacted to give a reaction product.' 79% Of N,N-bis-(2-hydr6xyethyl)-fatty acid 1 
amide was obtained as determined by GPC analysis. As to the other components, an amide-ester compound was 
obtained as a by-product. The amount of diethanolamine remaining in the resulting mixture was 0.3% by weight. 

Preparation Example 9 ' : 

[0055] The same procedures as in Preparation Example 3 were carried out except that 2.5 mol of a mixed acid (methyl 
tetradecanoate/methyl hexadecanoate/methyl octadecanoate/methyl 5-tetradecenoate/7-hexadecenoic acid/methyl 9- 
octadecenoate/9,12 : octadecadienoic acid = 3/6/1/3/7/72/8) and' 2.5" friol of mdnoethanolamine were reacted to give 
reaction products. 84% Of N,N-bis-(2-h'ydroxyethyl) -fatty acid amides weto obtained as determined by GPC analysis. 
so As to the other components, amide-ester compounds were obtained as by-products: The amount of monoethanolamine 
remaining in the resulting mixture was 0.4% by weight. . - * 

Preparation Example 10 

55 [0056] The same procedures as in Preparation Example 3 were carried out except that 2.5 mol of a mixed acid (methyl 
tetradecanoate/methyl hexadecanoate/methyl octadecanoate/methyl 5-tetradecenoate/7-hexadecenoic acid/methyl 9- 
octadecenoate/9, 12-octadecadienoic acid = 3/6/1/3/7/72/8) and 2.5 mol of di-2-propanolamine were reacted to give 
reaction products. 81% Of N,N-bis-(2-hydroxyethyl)-fatty acid amides were obtained as determined by GPC analysis. 
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As to the other components, amide-ester compounds were obtained as by-products. The amount-of di-2-propanolamine 
remaining in the resulting mixture was 0.3% by weight. 

Preparation Example 1 1 . , ' ; * 1 

c 

[0057] The similar procedures as in Example 5 were carried out except that methanol was not sufficiently removed, 
to prepare a reaction product in which diethanolamine remained in the reaction product in an amount of 1.5% by weight 
or more. • .. 1 - • v . < ■ >, , . - - ■.. . ... v 

10 Comparative Product 1 , - - , -. Vt ;,■,>.;.-■• -Ny-, > • ;f c • K; . ;.<.\y 

i. . .- J- . *o . : . y\ -v \:.r" . < . : 

[0058] A commercially available oleic acid monoglyceride ("SUNSOFT _Np. 8070" ; ,rnanufactured by, Taiyo- Kagaku Co. , 
Ltd.) was used. 

[0059] Monoglyceride content: 90% by weight or more (according to catalogue). 

15 

Comparative Product 2 v . <( t ■ « if ... _ ; - . r - ; • 

[0060] A commercially available oleic acid amide (manufactured by- Kao Corporation) was used. . . . ■ ,. . t 

20 Evaluation of Single Compound A ^ } , - .. , . , • •./<-».. ^. -.^ >: l\ ; v 

[Evaluation I of Wear Reduction Effects] 
Examples 1 to 14 and Comparative Examples 1 to 4 

[0061 ] Each of Compounds 1 to .1 0 usable in the present jnyentjon was addesi in an amount shown in Table 1, to 1 00 
parts by weight of a low-sulfur gas oil having a sulfurcontent of 0.04% by weight or 0,20% by weight, to prepare a com- 
position. The resulting composition was subjected to a standard test known.a^ a btallrlubricity evaluation test using a 
cylinder. The test procedures are in accordance with ASTM D 5001-90. In this test, the scar diameter was measured. 

30 Here, the smaller the scar diameter, the more effective the additives become regarding wear prevention.. In qr£er.to 
make sure that each of these gas oil compositions has excellent storage stability, the gas oil composition was stored at 
25°C for one.month under a surrounding light condition prior to carrying out the lubricity test. It was confirmed that the 
formation of precipitates, deterioration by oxidation, discoloration, and the like were not observed in each of the com- 
positions (with the exception for Preparation Example 7 where a slight turbidity w^s found, so that the composition was 

35 heated again to 40°C and then tested). The results obtained are shown- in Table 1 . The results indicate that each of the 
gas oil compositions containing Compounds of the present invention having a sulfur content of 0.04% by weight or 
0.20% by weight has good wear resistance. The scar diameter of each of the gas oil compositions of Examples 1.to 10 
of the present invention was from 0.29 mm to 0.52 mm, so that excellent wear resistance can be observed in these com- 
positions. Here, in cases of Examples 1 and 2 using Compounds of Preparation Examples 1 and 2 derived from fatty 

40 acids, the performance in preventing wear was slightly reduced as compared with Compounds of Preparation Examples 
3 and 4 derived from methyl ester of fatty acids. In the case of Example 11 where Preparation Example 11 in which 
diethanolamine remained in an amount of 1% by weight or more was used, although some effects can be observed as 
compared with Comparative Example 1 where no additives were included, the performance in preventing wear was 
somewhat weak as compared with other Examples. As Comparative Examples, similar tests were carried out with a 

45 low-sulfur gas oil (sulfur content: 0.04% by weight) used as a base, without including any of inventive products, and with 
a presently generally commercially available gas oil having a sulfur content of 0.2% by weight. As a result, the scar 
diameters were 0.82 mm and 0.65 mm : respectively.. Also; the scar diameter using Comparative Product 1 was 0.61 
mm, so that it was found that these comparative gas oil compositions were drastically poorer in the wear resistance than 
the inventive products. In addition, it is clear from the comparison made between Examples 3 to 5 and Examples 12 to 

so 14 that the effects of preventing wear are even further remarkably exhibited in low-sulfur gas oils having a sulfur content 
of 0.05% by weight or less. . .. ■>■...-■;.,•. 
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Table 1 





Compound Example 


Sulfur Content in Gas Oil 
■ (% by. Weight) ;: 


Amount * (Parts by 
-..-Weight) 


Scar Diameter (mm) 


Example Nos. f , . , .< . 


■4 
1 


^reparation example i 


U.U4 


U.UUO 


U.D1 


2 


preparation example d 


0.04 


f; U.UUO' , . , 


U.4y 


o 
O 


preparation txampie o 


U.U4 ; 


^ U.UUO <; . 


U.o / - 


A 

4 


r reparation example ^ 


U.U4 


* U.UUO .- 


. . U.OO 


5 


preparation example o 


. U.U4 


U.UUO , 


. v * u.^y . 


6 


Preparation example o 


0.04 : 


n nnc i 
■; -j U.OOO 


n or* ' 


f 


rreparaiion example / 


U.U4 


f; t f 1 U.UUO 


n 

U.OO 


8 


Preparation Example 8 


n c\a 






9 


Preparation Example 9 


f\ f\ A 

0.04 


0.005 ; ^ 


t 0,36/, ; ' 


10 


Preparation Example 1 0 


0.04 ; 


*, i - 0.005 1 


; : 0.33 s 


11 


Preparation Example 1 1 


.;/ . 0.04 ; 


• r 0.005 


0.57 

* 


12 


Preparation Example 3 




0 200 


0 58 

U.JO, - 


13 


Preparation Example 4 


0!.-. 0.20 ; 




0.54. 


14 


Preparation Example 5 


0.20 f 


0.200 


0.50 . 


Comparative Example Nos. 








1 


No Additives 


"0.04" 






2 


No Additives ~ ; 


o.2 




6"65; : ' 


3 


Comparative Product 1 


0.04 


0.01 


. 061 


4 


Comparative Product 2 


0.04 . 


0.01 


0.72 



Remark w : Based on 100 parts by weight of the gas oil. 



Examples 15 to 28 and Comparative Examples 5 to 8 

40 [0062] In order to evaluate the wear resistance of Compounds 1 to 11 usable in the present invention, Falex test was : 
carried out by a method according to ASTM D 2670-81. V-blocks and pins were immersed in each of the compositions t 
used in Examples 1 to 14. The pin held between the V-blocks was rotated for ten minutes without applying a load, and 
subsequently, the pin held between the V-blocks was preliminarily rotated for five minutes while applying a load of 100 
lbs., and the machine was operated for three hours' while applying a load of 150 lbs. The wear amounts of the V-blocks 

45 and the pins after operation were measured. The results are shown in Table 2. Incidentally, the test temperature was 
25°C at start, and raised to 45° to 50°C by frictional heat during test: The wear amount of each of the gas oil composi- 
tions containing Compounds usable in the presentjnvention, namely the gas oil composition of the present invention, 
is 1 3.B mg to 27.5 mg, showing excellent wear resistance. Here/in ca¥es of Examples 1 5 and 16 using Compounds of * 
Preparation Examples 1 and 2 derived from fatty acids, the performance in preventing wear was slightly reduced as 1 

so compared with Compounds of Preparation Examples '1 7 and 18 derived from' methyl festers of fatty acids. In the case 
of Compound of Example 25 where Preparation Example'1 i in whicH'di^thanoiamihe remained in an amount of 1% by ' 
weight or more was us^d',* although some effects can be observed as compared'with Comparative Example 5 where no 
additives were included, the performance in preventing wear was weak as compared with other Examples. As Compar- 
ative Examples, similar tests were'earried out With a low-sulfur gas' oil (sulfur content: 0.04% by weight) used as a base 

55 and withra presently generaNy cbmmerciall'y available gas oil having a sulfur content of 0.2% by weight. As a result, the 
wear amounts 'were 38.0 nig 'and 32.3 riig J : respectively. Aisp, the wear amount u^ing Comparative Product 1 was 29.3 
mg, so that it was found that thefee comparative gas oil compositions were drastically pooler in the wear resistance than 
the inventive products. In addition"' it is"6relr from the comparison made between Examples 1 7 to 1 9 and Examples 26 
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to 28 that the effects of preventing wear are even further remarkably exhibited in low-sulfur gas oils having a sulfur con- 
tent of 0.05% by weight or less. 



Table 2 





Compound Example 


Sulfur Content in Gas Oil 
(% by Weight) 


Amount * (Parts by 
Weight) 


Wear Amount (mg) . 


Examp 


eNos. ; 1 


15 


Preparation Example 1 


0.04 


0.005! 


: 22.1 


16 


Preparation Example 2 


0.04 : 


0.005= 


' " 1 '20.1 : ' 


17 


Preparation Example 3 


0.04 


0.005 j * ' 1 


... u ^ 7 • ' 


18 


Preparation Example 4 


0.04 • 


0.005 1 

i 


14.5 


19 


Preparation Example 5 


0.04 j 


; " 0.005: 


: 13.8 


20 


Preparation Example 6 


0.04 


0.005 i " 


1 ; 14.0 


21 


Preparation Example 7 


0.04 , 


' 0 0.005; 


t: <:> ^..45.7: , ; 


22 


Preparation Example 8 


0.04 « 


v - ; 0.005 ! "■ ■-•« 

1 


" ; ; 52;B ys ' ; 


23 


Preparation Example 9 


0.04 


0.005; "* f 


. - ^4.7 : 


24 


Preparation Example 10 


0.04 ! 


^ ° 0.005; ; V: 


* T - 14.5 : 


25 


Preparation Example 1 1 


0.04 : 


<? 0.005 ! < ■ 


* - ■'»"■'■ 25.T i - 


26 


Preparation Example 3 


0.20 ! 


0.200 ' 


' :< ' 27.5" | ' 


27 


Preparation Example 4 


0.20 * 


o.2oo : ■ - ' 


23.1 


28 


Preparation Example 5 


0.20 


0.200 


20.2 


Comparative : £xample Nos. v I ' : • ; 1 1 ; 


5 


No Additives 


0.04 . 


0.000 ' 


'-^ 38:o ' 


6 


No Additives 


0.2 ' 


0.000 ' 


32.3 


7 


Comparative Product 1 


0.04 


0.010 


29.3 


8 


Comparative Product 2 


0.04 


0.010 


35.5 



Remark *: Based on 1 00 parts by weight of the gas oil. 



40 Examples 29 to 42 and Comparative Examples 9 to 1 2 , 

[0063] , In order to evaluate the wear resistance of each pf Compounds 1 to 1 1 usable in the present invention, Soda 
pendulum-type friction test was, carried put. Balls and pins were immersed in each of the gas oil compositions . of the 
present invention used in Examples 1 to 14. The measurement results of the friction coefficients calculated from the 

45 attenuation. coefficients of the pendulum are shown in Table 3. Lqwer the friction coefficients, more effective the gas oil 
compositions become with regard to the lubricity. Incidentally, ,the test temperature was 25°C. The friction coefficients 
of the gas oil compositions containing Compounds ,of the present invention are 0.165 to 0.285, which show that the gas 
oil compositions have excellent lubricity. Here, in cases of Examples 29 and 30 using Compounds of Preparation Exam- 
ples 1 and 2 derived from fatty acids,. the performance in preventing iwear was reduced as compared with Compounds 

so of Examples 31 and 32 derived from methyj esters of fatty acids. In the case of Compound of Example 39 where Prep- 
aration Example 1 1 in which diethanolamin'e remained in an amount of 1% by weight or more was. used, although some 
effects can be observed as compar^wift^Com^^ Example 9 where no additives were included, the performance 
in preventing wear was weak as compar ;e#wjth*^ As Comparative Examples/simfer tests were carried 

out with a low-sulfur gas oil (sulfur content: 0.^| 6 ^> by weight) used as a base and w|trV'^ 

£5 cially available gas oil having a sulfur content of Q.2% by weight. The friction .coefficients were' 0^58'anc) 0.325 ! . respec- 
tively. Also, the friction coefficient using Cbmparative.Product 1 wias 0.291 ,.sp that it was fqtinb. that thesef comparative 
gas oil compositions were drastically poorer in the lubricity than the inventive products./ln' addition, it is clear from the 
comparison made between Examples 31 to 33 and Examples 40 to 42 that tri,^tf ects of preventing wearare even fur- 
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Table 3 



5 




Compound Example 


Sulfur Content in Gas Oii 
(% by Weight) 


. Amount * (Parts by 
■ Weight) 


Friction Coefficient 




Example Nos. - 


i 


, 






29 


preparation example i 


0.04 


0.005 ; ' 


0.241 


10 


30 


Preparation Example 2 


0.04 1 


- ; ' - 0.005' 


0.233 




31 


Preparation Example 3 - 


b'04 : - - ; 


— '-0.005 


0.195 




32 


rreparation example 4 


0.04 ) * 


V 0:005 1 - 


0.175 


15 


33 


Preparation example 5 


t>.04 j * 


■ "■ 0.005 '■ , 


0.165 




34 


Preparation Example 6 


i 


T ■ : ' 0.005 


I 0.169 




35 


Preparation Example 7 


6.04 : 


' 0.005 


0.168 




OD 


"reparaTion example o 


6.04 


— " ! o:o65 ( 


0.245 


ifU 


37 


Preparation Example 9 " 


0.04 


" ■ : - v; 0.005 • 


0.188 




38 


Preparation Example 10 


0'04 ; 


;o : r , Q 0Q5 


0.171 




39 


Preparation Example 11 


&04 j 01 ■ 


- - 0.005 


0.248 


25 


40 


Preparation Example 3 ; 


i feo ; ' ' - >! 


r ' 0.005 ! 


0.285 




41 


Preparation Example 4 


0.20 


■ ■ 0.005' 


0.279 




42 


Preparation Example 5 : 


0.20 


0.005 • 


0.267 


30 


Comparative Example Nos. ! : L;i - aY; ' •■" - i 


9 


No Additives ; ' 


0:04 ' " : 




; 0.358 




10 


No Additives 


0.2 


0 


0.325 




11 


Comparative Product 1 


0.04 


0.01 


0.291 


35 


12 


Comparative Product 2 


0.04 


0.01 


: 0.319 . - 



Remark *: Based on 100 parts by weight of the gas oil. 



[Evaluation Test for Detergency Effect] 1 ^ ; " 

40 • - ■ " 

Examples 43 to 53 and Comparative Examples 13 to 15 . ".\ 

[0064] The detergency performance' of the cokes at the injector nozzle portion of diesel engines for each of Com- 
pounds 1 to 1 1 was evaluated by the following method. Specifically, a fuel oil prepared by adding 0.5% by weight of each 
45 of Compounds 1 to 1 1 and Comparative Product 1 to a commercially available gas oii (sulfur content: 0.2% by weight) 
was loaded on an automobile to carry out test runs with automobiles on city streets. The detergency performance of the 
cokes at the nozzle portion was evaluated by calculating the ratio of air flow rate in a case where an Amount of needle 
lift was 0.2 mm for an injector nozzle before and after the test runs with'autbnidbiles by the following equation: 

50 Ratio of Air Flow Rate = Air Flow Rate Beforeor After beteje^y Te^t x 100 ) ' 

Air Flow Rate of Brand-New. Injector Nozzle 

[0065] * The results of the detergency performance of. the injector nozzle tested by the above method are shown in 
55 Table 4. Here/XAROLLA VAN;" manufactured by Toyota Motors was used as 'a tested automobile. When using Prep- 
aration Examples 1 to 10. it is clear from Table 4 that the ratio of air flow rate before testing of 19 to 23 were improved 
as compared to 51 to 81 for after testing, so that high detergency effects of the injector nozzle can be obtained. In the 
case of using Compound of Preparation Example 1 1 where 1% by weight or more of diethanolamine remained in the 
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product, the detergency effects at the injector nozzle was weak. Also, in Comparative Products 1 and 2, such deter- 
gency effects could not be observed. 



Table 4 



10 



15 



20 



25 



30 





Compound Example 


Ratio of Air Flow Rate 






Before Test 


After Test 


Example Nos : - ; , '"' 


t 


t 


43 


Preparation Example 1 


'■ 22 


- 51, ... - 


•44 


Preparation Example 2 


..1(9 


58 . 

\ 

. 72. . - 

i 


45 


Preparation Example 3 


* 23 


46 


Preparation Example 4 


> -51 


j '=> - 


47 


Preparation Example 5 


+ . .. 


l ftl T 


48 


Preparation Example 6 


22 


1 79 


-49 


Preparation Example 7 


2-1 


i 73 - 


50 


Preparation Example 8 


2 .3 


i 6a 


51 


Preparation Example 9 


K:33 


■ 7.3 , ; ., . 


52 


Preparation Example 10 


*C 22 


! 77 .. .. 


53 


Preparation Example 1 1 


; ;f 21 


! 29 • 


Comparative Example Nos. j 




» 


13 


No Additives [ 


2? 


: 2 0; - , 


14 


Comparative Product" 1 


23 


" 22 


15 


"Comparative Product s 


' " 21 


"i 2"1 

i 



[0066] Next, Examples where Compound A and Compound B were used in combination will be explained. 

t * 

35 Example Products of Compound B - » . . - . 



Polyoxy ethylene nonyl phenyl ether (5 mol adduct); 
("EMULGEN 905," manufactured by Kao Corporation; HLB = 9.4); 
Monooleate of sorbitan oxyethylene (6 mol) adduct; 
("RHEODOL TW-0106." manufactured by Kao Corporation; HLB = 10.0); 
Trioleate of sorbitan oxyethylene (20 mol) and propyleneoxide (5 mol) adduct; 
(HLB = 7.6); . v: '" . * .' \ . ~ ... 

Oleylamine oxyethylene (2 mol) adduct; . , ^ 

("AMITE 402, " manufactured by Kao. Corporation); . ^ 
Oleylamine; 

(" FARM IN O," manufactured by Kao Corporation); . v 
Laurylamine; 

("FARMIN 200,** manufactured by Kao Corporation); 

Glycerol monooleate; ~ ' '. I:, c >: 

("EMAZOL MO-50. H manufactured by Kao' Corporation; HLB = 4.7); 

[0068] HLB was calculated in accordance; with the description given at. page 719,jof Preparation of Surfactants and 
Their Applications. 1957, published by Maki Shbten, wherein IHLB =,10 x inorganic .chararter/orgahic'^aractejL.- \ . ■. . 





[0067] 




B-l: 


40 






B-2: 




B-3: 


45 


B-4: . 




B-5: 




B-6: 


50 






B-7: 



55 
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Comparative Products of Compound B 



[0069] 



5 Comparative Product 3: Monooleate of sorbitol oxyethylene (20 mol),adduct; 

; ("RHEODQL" TW-01.20," manufactured by Kao Corporation; HLB = 16.3); 

Comparative Product 4: Sorbitan trioleate , ; 

' C'RHEODOL SP-030,* manufactured by/Kab Corporation; HLB = 2.6); 

10 [Evaluation II of Wear. Reduction Effects] " 



Examples 54 to 63 and Comparative Examples 16 to 20 

. ) 

[0070] Each of mixtures of Preparation Examples 5 and 10 of Compound A and Examples 1 to 7 of Compound B (B- 

15 1 to B-7) was added in an amount shown ;in Table 5, to 1 00 parts by weight of alow-sulfur gas oil having a sulfur content 
of 0.04% by weight, to prepare a composition. The resulting composition was subjected to a standard test known as a 
ball-lubricity evaluation test using ;a cylinder. The test procedures are in accordance with ASTM D 5001-90. In this test, 
the scar diameter was measured.; Here, the smaller the scar diameter,' the more effective the additives become regard- 
ing wear prevention. In order to nhake sure that each of these gas oil compositions has excellent storage stability, the 

20 gas oil composition wasstored at !25 0 C for one month under a surrounding light condition prior to carrying out the lubric- 
ity test. It was confirmed that thejformation of precipitates, deterioration by oxidation, discoloration, and the like were 
not observed in each r of the compositions (with the exception for ^Preparation Example 6 where a, slight turbidity was 
found, so that the composition was heated again to 40;°C and then tested). The results obtained are shown in Table 5. 
The results indicate that each of the gas oil compositions containing Compounds of the present invention having a sul- 

25 fur content of 0.04% by weight Has good'wear resistance. The scar diameter of each of the gas oil compositions of 
Examples 5 and 10, in which Compound A was added alone, was from 0,29 mm and 0.33 mm, respectively, which 
showed excellent wear resistance in these compositions. It is clear from Examples 54 to 63 that when using Compound 
A with Compound B, the scar diameter became further small, so that the wear resistance was improved. However, when 
using Comparative Products 3 and 4, in which HLD wa$ outside the range of 3 to 1 3, even when Compound A was -used 

30 in combination with Comparative Product' 3 or 4, excellent wear resistance could'rtot be obtained. ' 1 *" r 1 ! ' ! 



35 



40 



45 



so 



55 
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Table 5 



70 



15 



20 



25 



30 



35 



40 



45 



SO 





Compound A 


Compound B 

. ,k ' 


Scar Diameter 
(mm)*. - - 




Compound 
Example 


Amount * (Parts 
by Weight) 


'Compound 
Example 


Amount * (Parts " 
by Weight) 1 '. 




Example Nos. 


5 


Preparation 
Example 5 


0.005 


r- 




" ' o:29 '' 


10 


Preparation 
Example, 10 


0.005 


\J 




0.33" 


54 1 


Preparation 
Example 5' 


0.0045 ; K'&'U 


. :; *",'C ft'.*.? : J r ''-:ti 


; ' - ~ f 0.0005 


: " " 0;19- f : 


55 


Preparation 
Example 5 


0.0045"';; 


'0 > ^-jo. 1 t ' 


^V'. V J:p.0005''. , i V... 




56 
57 


Preparation 
Example 5 

Preparation 
Example '5 


-.0.0045^ii ■ 
0.0045^ . 


B-3 y 

- io. : :riv ■? •;■ 

'•M ■ -v'.: bn;: •_.*■ 


J f 0:0005:*'; 

/::-;ir.,.:- - f?--. - 

0.0005 , 


r: },.-0j1-9 : ■>* 
.0.17 ; 


58 


Preparation 
Example 5 


0.0045. u 


B-5 , • • ,r-. 


r,. 0.0005 / - 


; i 0.-14 . .. " . 

1 ' i . •■ * 


59 


Preparation 
Example 5 


' 0.0045 




,r 0.0005 / ! 


0.20 v 1 




^Preparation <: 
Example 5 , 


^ : ;^P.0045. -X 




: ; v s . 0.0005.. _. y t.; 


o>.. , '.^1.0,20 ; 


61 


Preparation 
Example 10 


0.0045 


B-2 


0.0005 


0.18 


62 


Preparation 
Example 10 


0.0045 


B-4 


0.0005 


0.19 


63 


Preparation 
Example 10 


0.0045 


B-5 


0.0005 


0.16 


Comparative Example Nos. 


16 


No Additives 


0 






0.82 


17 


Preparation 
Example 5 


0.0045 


Comparative 
Product 3 


0.0005 


0.32 


18 


Preparation 
Example 5 


0.0045 


Comparative 
Product 4 


0.0005 


0.39 


19 


Preparation 
Example 10 


0.0045 


Comparative 
Product 3 


0.0005 


0.45 


20 


Preparation 
Example 10 


0.0045 


Comparative 
Product 4 


0.0005 


0.49 



Remark ' : Based on 1 00 parts by weight of the gas oil. 

f5 Examples 64 to 73 and Comparative Examples 21 to 25 

[0071] Each of mixtures of Preparation Examples 5 and 10 of Compound A and Examples 1 to 7 of Compound B (B- 
1 to B-7) was added in an amount shown in Table 6, to 1 00 parts by weight of a low-sulfur gas oil having a sulfur content 
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of 0.04% by weight, to prepare a composition. The resulting composition was subjected to Falex test according to ASTM 
D 2670-81 . V-hiocks and pins were immersed in each of the gas oil compositions in which a given amount of the additive 
was added. TN? pin held between the V-blqcks was rotated for ten minutes without applying a load, and subsequently, 
the pin held between the V-blocks was preliminarily rotated for five minutes while applying a load of 100 lbs., and the 
machine was operated for three hours while applying a load of 1 50 lbs. The wear amounts of the V-blocks and the pins 
after operation were measured. The results are shown in Table 6. .Incidentally, the test temperature was 25°C at start, 
and raised to 45° to 50°C by frictional heat during test. The we^. amount of each of the gas oil compositions containing 
Compounds usable in the present invention, namely the gas oil composition in which Compound A was added alone 
(Examples 19 arid 24), were 13.8 rng and '14.5 mg, showing exceirent'performance in preventing wear. However, as 
shown in Examples 64 to 73, when using Compound A in combination with B, the wear amount became further 
reduced, so that excellent wear resistance was obtained. ; 



75 



20 



25 



30 



35 



40 



£ p 



45 



50 



55 
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Table 6 







Compound A 


Compound B 


Wear Amount, (mg) 


5 




Compound 
Example 


Amount * (Parts 
by Weight) . 


Compound 
Example 


Amount * (Parts 
" by Weight) ' 


t 




Example Nos. 






■ K i . 




10 


19 


Preparation' 
Example 5 


0.005 


t - ; ":.)" ,, f * 




11 13.8' 




24 


Preparation 
Example 10 


0.005 






' 14.5* 


15 


64 


Preparation 
Example 5 


0.0045 


!—> J 

B-1 


0.0005 


11.0 




65 


Preparation 
Example 5 


0.0045 


B-2 


0.0005 


9.1 


20 


66 


Preparation 
Example 5 


0.0045 


B-3 


0.0005 


9.9 




67 


Preparation 
Example 5 


0.0045 


B-4 


0.0005 


9.8 


25 


68 


Preparation 
Example 5 


0.0045 


B-5 


0.0005 


9.3 




69 


Preparation 
Example 5 


0.0045 


B-o 


0.0005 


10.2 


30 


70 


Preparation 
Example 5 


0.0045 


B-7 


0.0005 


10.7 




71 


Preparation 
Example 10 


0.0045 


B-2 


0.0005 


10.6 


35 


72 


Preparation 
Example 10 


0.0045 


B-4 


0.0005 


9.9 




73 


Preparation 
Example 10 


0.0045 


B-5 


0.0005 


9.4 




Comparative Example Nos. 


40 


21 


No Additives 


0 






38.0 




22 


Preparation 
Example 5 


0.0045 


Comparative 
Product 3 


0.0005 


17.3 


45 


23 


Preparation 
Example 5 


0.0045 


Comparative 
Product 4 


0.0005 


18.5 




24 


Preparation 
Example 10 


0.0045 


Comparative 
Product 3 


0.0005 


18.9 


SO 


25 


Preparation 
Example 10 


0.0045 


Comparative 
Product 4 


0.0005 


19.1 



Remark *: Based on 100 parts by weight ot the gas oil. 



Examples 74 to 83 and Comparative Examples 26 to 30 

[0072] Each of mixtures of Preparation Examples 5 and 10 of Compound A and Examples 1 to 7 of Compound B (B- 
1 to B-7) was added in an amount shown in Table 7, to 1 00 parts by weight of a low-sulfur gas oil having a sulfur content 
of 0.04% by weight, to prepare a composition. The resulting composition was subjected to Soda pendulum-type friction 
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test. Balls and pins were immersed in each of the gas oil compositions in which a given amount of the additive was 
added. The measurement results of the friction coefficients calculated from the attenuation coefficients of the pendulum 
are shown in Table 7. Lower the friction coefficients, more effective the gas oil compositions become with regard to the 
lubricity. Incidentally, the test temperature was 25°C. The friction coefficients of the gas oil composition of Examples 33 
and 38, in which Compound A of the present invention was added alone, were 0.165 and 0.171, respectively, showing 
excellent lubricity- However, as shown in Examples 74 to 83, when using Compound A in combination with Compound 
B, the wear amount became further reduced, so that excellent wear resistance was obtained. 



1 iT 
f U 






It?- .■ ') :•"* 


Table 7 ; : . 










Compounds ■ 


• : - i ;CompouridiB " ■ 


Friction Coefficient 






Compound 
Example 


Amount * (Parts 
by Weight) 


Compound 
Example 


Amount * (Parts 
by Weight) 




15 


Example Nos. 




33 


Preparation 

C vcs mnl o ^ 


0,005 






0.165 


20 


38 


Preparation 
example iu 


0.005 






0.171 




74 


Preparation 


0.0045 


B-1 


0.0005 


0.137 


25 


75 


Preparation 
Example 5 


0.0045 


B-2 


0.0005 


0.113 




76 


Preparation 
Example 5 


0.0045 


B-3 


0.0005 


0.119 


30 


77 


Preparation 
Example 5 


0.0045 


B-4 


0.0005 


0.121 




78 


Preparation 
Example 5 


0.0045 


B-5 


0.0005 


0.112 


35 


79 


Preparation 
Example 5 


0.0045 


B-6 


0.0005 


0.120 




80 


Preparation 
Example 5 


0.0045 


B-7 


0.0005 


0.127 


40 


81 


Preparation 
Example 10 


0.0045 


B-2 


0.0005 


0.126 


82 


Preparation 
Example 10 


0.0045 


B-4 


0.0005 


0.135 


45 


83 


Preparation 
Example 10 


0.0045 


B-5 


0.0005 


0.127 


Comparative Example Nos. 




26 


No Additives 


0 






0.358 


50 


27 


Preparation 
Example 5 


0.0045 


Comparative 
Product 3 


0.0005 


0.169 




28 


Preparation 
Example 5 


0^0045 


Comparative 
Product 4 


0.0005 


0.181 


55 


29 


Preparation 
Example 10 


0.0045 


Comparative 
Product 3 


0.0005 


0.189 


30 


Preparation 
Example 10 


0.0045 


Comparative 
Product 4 


0.0005 


0.178 



Remark ': Based on 1 00 parts by weight of the gas oil. 
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[Test for Storage Stability of Gas Oil] 

Examples 84 to 97 and Comparative Examples 31 to 35 

5 [0073] Each of the gas oil composition shown in Table 8 as Examples and Comparative Examples having a sulfur 
content of 0.04% by weight in which Compound A was added . either alone or added in combination with Compound B 
was allowed to stand under exposure at 60°C to determine the number of days required for precipitating insoluble com- 
ponents in the gas oil compositions. In cases where Compound A was used alone, the number of days required for pre- 
cipitating insoluble components was about the same as the gas oil containing no additives or the gas oil compositions 
10 used in combination with Comparative Example 3 or 4. In 1 cases where Compound A was used in combination with 
Compound B, the number of days required for precipitating insoluble components was extended, so thiat excellent stor- 
age stability could be obtained. . - 
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Table 8 



5 

• -■ 




Compound A 


Compound B 


Days Until Insoluble 
Components Are 
Precipitated 






Compound 
Example 


Amount * (Parts, . 
by Weight) 


f ." Compound J 
Example 


'' Amount * (Parts 
' by freight)' 




10 


Example Nos. 




84 

/•■ 


Preparation 
Example^ , 


0.005 






4 


15 


. 85 , 


Preparation 
Example 10 


. * 0:005 


J - t ' " • ' , . ' ~ 


' f : * ■ ' 






86 


Preparation 

Examples 

.<*.»' * .* ~ 


0.0045 




0.0005 


8 


20 


87 


Preparation 
Example 5 


, ; - 0.0045 




,,,.0.0005- 


10 ! 


•i 


88 


Preparation 
Example 5 


0:0045 1 ' 


'B-3 ■" 


::;V '*' t " 0.0005 ; * 


9 " 


25 - 


89 


Preparation 
Example 5 


0.0045 


B-4 


0.0005 

C - 


: ■ g 




90 


Preparation 
Example 5 


0.0045 


B-5 


0.0005 


10- * * 


30 


91' 
92 


Preparation 
Example 5 

Preparation 
Example 5 


.. ,0,0045 
0.0045 


b-6 ^; Vi 

' v-y-i '■rirr ; :r!-r 
B-7 


0.0005 * 

■ * ■ . . . ■ * * ' i 

0.0005 


9 \ 
8 


35 


93 


Preparation 
Example 10 


0.0045 


B-1 


0.0005 




:94 


Preparation ■ 
Example 10 


0.0045 . 


B-2 


0.0005 . 


■t. .11 




95 


Preparation , 
Example 10 


0.0045 


B-4 


0.0005 


10 


40 


96 


Preparation 
Example 10 


0.0045 


B-5 


0.0005 


12 


45 


97 


Preparation 
Example 10 


0.0045 


B-7 


0.0005 


10 


Comparative Example Nos. I 




31 


No Additives 


0 






4 


50 


32 


Preparation 
Example 5 


0.0045 


Comparative 
Product 3 


o.ubos 


" 4 


33 


Preparation - 
Example 5 


0.0045 


Comparative 
Product 4 


I.; 0.0005 ! - -■ 


4 


55 


34 
35 


Preparation 
Example 10, 

Preparation 
Example -10'*. 


0.0045 , 
0,0045 


Comparative 
Product 3 ' * 

Comparative 
Product 4/ 


0.0005 
0.0005 


4 
4 



Remark *: Based on \6o parts bV weight ol lhe gas oil. 
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INDUSTRIAL APPLICABILITY 

[0074] By using the gas oil composition of the present invention, there can be exhibited effects in reducing wear of 
fuel pumps in a system using a gas oil likely to cause wear in fuel pumps, the gas oil having a sulfur content of 0.2% by 
weight or less, particularly 0.05% by weight or less, and detergency effects of an injection nozzle of diesel engines. Fur- 
ther, an excellent storage ability of the gas oil can be obtained. The effects of the present invention are to satisfy the 
both the function of preventing wear of the fuel injection pumps during the use of low-sulfur gas oils and the function of 
detergency effects of stains on the fuel injection nozzle 6lQhg with the use of the diesel engines, which could not be 
found in the prior arts. i / . A.;^ . *. .. \ , . 

Claims " . : t - . .. 



1 . A gas oil additive for gas oil having a sulfur content of 0.2% by weight or less, characterized in that said gas oil addi- 
tive contains a compound containing a hydrocarbon group having 10 jto 22 .'carbon J atorns, amide group, and 
75 hydroxy! group on a carbon atom in p-position to rpitrogen atom of said amide group. 



2. The gas oil additive according to claim 1 , characterized in that the compound as recited in plaim 1 is a condensate 
obtained from one or more monovalent fatty acids having 10 to|22 carbon atoms and one "or more compounds 
selected from mbnoethanolamine, diethaholamine, mono-2-propanolamine, ahcl di-2-propkndteMn'e: 



3. The gas oil addjtive according to claim 2, characterized in that .thb monovalent fatty acid aSjr^<jite.ct in claim 2 is a 

mixture of fatty acids comprising 70 to 90% by weight of a fatty kcid having one unsaturated bond; 5 to 10% by 

weight of a fatty acid having two unsaturated bonds; and 5 to 20% by weight of a saturated fatty acid. 1 

' '"...0 J - -Jr I -OtJ.C' ■ :. 

; i ' 

25 4. The gas oil additive according to claim 3, characterized in that said mixture of fatty acids contains 68 to 78% by 

weight of 9-octadecenoic acid. " j : . -c- » ■ t ..-: 

S ' i * i 

! i - - ' 

5. The gas oil additive according to claim 1 , characterized in that the compound as recited in claim 1 is a condensate 
obtained from a fatty acid ester corresponding to the fatty acid as recited in daim 2 or 3 and one or more com- 

30 pounds selected from monoiethanolamine, diethaholamine, monc>2-propanolamine, arid di-2-propanojamine. 

6. The gas oil additive according to claim 5, characterized in that said fatty acid ester contains 68 to 78% by weight of 
9-octadecenoic acid ester. 

35 7. The gas oil additive according to any one of claims 2 to 6, characterized in that a total content of one or more com- 
pounds selected from monoethanolamine, diethanolamine, mono-2-propanolamine, and di-2-propanolamine which 
remain therein is 5% by weight or less. . _ . 

8. The gas oil additive according to claim 1, characterized in that the gas oil additive further contains, in addition to 
40 the compound as recited in claim 1 , Compound (B) defined below: 

i " '■ . 

one or more compounds selected from the group consisting of nonionic surfactants having an HLB of 3 to 13; 
aliphatic amines having 8 to 28 carbon atoms; and alkylene oxide adducts of an aliphatic amine having 8 to 28 
carbon atoms, an alkylene oxide moiety having 2 to 3 carbonjatoms and a molar addition of 50 moi or less, and 
45 that a weight ratio of (A)/(B) is from 1/0.01 -to 1/0.5, the compound as recited in claim 1 being defined as Com- 

pound (A). 

9. The gas oil additive according to claim 8, wherein Compound (^) is a condensate as defined in any one of claims 

2 to 7. "■ ' 

50 | 

10. The gas oil additive according to any "Drie'fcf claims 1. to 9, wherein a sulfur content of the gas. oil is. 0:05% by weight 
or less. : ; - J [ ' t '•■■^i--- 

11. The gas oil additive according to any one of claims 1 to 10, wherein the gas oil additive is ysedfor the purposes of 
as reducing wear on the contacting surfaces of a metal arid deterging a fuel injection nozzle. J I 

1 ' j -?y. : ! . - ■=! ; • ; 

12. A gas oil composition having a function of reducing wear and a function of deterging jstains.' characterized in that 
the gas oil composition comprises a gas oil having a sulfur content of O:^b^we|g^ ( r0rless and the; gas oil additive 
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according to any one of claims 1 to 1 1 , wherein a content of said gas oil additive is from 0.001 to 1 .0 part by weight, 
based on 100 parts by weight of the gas oil. 

13. The gas oil composition according to claim 12, characterized in that a content of the gas oil additive is from 0.001 
5 to 0.1 parts by weight, based on 100 parts by weight of the gas oil. , , 

14. The gas oil composition according to claim 12 or 13, wherein the gas oil has a sulfur content of 0.05% by weight or 
less. _ .*.'/' r Vl 'J : :' r \: . ' *-/ -""*■"■ * 

io 15. A method of reducing wear in a fuel injection pump comprising using the gas oil composition according to any one 
of claims 12 to 14. ■ > .; 

16. A method of detergmg^a Juel injection ;nozzle comprising using oil composition according "to any one of 

claims 12 to 14. I 
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